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cinogenic include aromatic amines used in the
aniline dye industry, e.g. 2-naphthylamine (see
above) and benzidine (formerly used also in the
laboratory to detect blood in the faeces), which
cause cancer of the urinary bladder. Azo-dyes,
e.g. 'butter yellow* formerly used to tint mar-
garine, cause liver cancer (see below), and ami-
nofluorenes, notably 2-acetylaminofluorene, can
induce cancer of the liver and of the urinary
bladder. In each of these classes of compound,
carcinogenicity cannot usually be predicted from
the molecular structure, and small changes in the
molecule can greatly influence carcinogenicity. It
is, however, apparent that certain molecular
features, for example double-bonds at certain
sites in the benzene rings of the polycyclic hydro-
carbons, are of importance.

Certain non-aromatic organic compounds
are also carcinogenic. They include some alky-
lating agents, e.g. mustard gas and methyl-
nitrosourea, and nitrosamines which may be
formed from chemical action on foodstuffs in
the stomach and bacterial action in the large
intestine.

Various inorganic compounds also act as
carcinogens; for example inhaled asbestos fibres
cause cancer of the pleura, peritoneum and
bronchus, while cancer of the bronchus can
apparently be caused also by inhalation of
dusts containing compounds of arsenic, beryl-
lium, nickel and chromates. Long-continued
administration of arsenical compounds or ex-
posure to arsenical dusts can also cause skin
cancers.

The mechanism of chemical
carcinogenesis

This is poorly understood. All carcinogens do
appear, however, to induce progressive and
irreversible changes in the target cells, leading
eventually to the development of a cancer cell.
This is illustrated by studies of the effects of
butter-yellow (p-dimethylaminoazobenzene),
the most carcinogenic of the azo-dyes, on the
liver. The dye is taken up by liver cells and, like
all carcinogens, it causes cell injury resulting in
this case in loss of some liver cells and com-
pensatory regeneration of surviving cells. There
is thus cellular proliferation which, as men-
tioned earlier, is important in carcinogenesis. If
slices of normal rat liver are placed in culture

medium and oxygen uptake is measured as an
index of cellular metabolism, addition of
butter-yellow to the medium is found to de-
press metabolism. Administration of butter-
yellow to rats progressively diminishes the
effect of butter-yellow on the uptake of oxygen
by liver slices in vitro, and when liver tumours
finally develop the oxygen consumption is
found to be unaffected by butter-yellow. It may
thus be concluded that the liver cells become
progressively adapted to the presence of butter-
yellow in vivo. Such adaptation could be ex-
plained either (a) by the development of in-
creased amounts of enzymes which detoxify
butter-yellow or provide metabolic pathways
not affected by it, or (b) by the production of
mutations by butter-yellow and growth of
mutant cells which are resistant to the effects
of the dye on metabolism. The fact that pre-
cancerous changes induced by carcinogens are
non-reversible (see above) suggests strongly
that selection of mutants is the correct explana-
tion.

Most of the organic carcinogens are either
capable of reacting with DNA (e.g. alkylating
agents) or are metabolised within the cell to
compounds, e.g. epoxides, which can do so.
Such reactions are believed to occur between
electrophilic groupings on the carcinogen and
electron-rich groupings of DNA, notably in
guanosine: but binding occurs at various sites
within DNA, and may possibly result in the
development of mutations of various types
when the DNA replicates prior to mitosis. In
view of the close correlation between car-
cinogenicity and mutagenicity (p. 299) it seems
very likely that chemicals induce cancer by
causing mutations. Such mutations can only
occur in cells which undergo mitosis, and this
may explain why cancer arises most commonly
from labile populations of cells (p. 290), and
also why mature neurons, which appear incap-
able of division, do not become neoplastic. In
some instances where cancer arises in relatively
stable cell populations, e.g. liver cells, cell loss
and compensatory proliferation caused by dis-
ease, e.g. cirrhosis of the liver, or by the car-
cinogen itself, are probably essential for car-
cinogenesis.

It has also been suggested that chemical car-
cinogens may act by activating a latent on-
cogeixic (tumour-producing) virus already pre-
sent in the target cell (pp. 302 et seq.).